We have recently reported on dodecamer peptides (HPPMDFHKAMTR, CHPQPLKSRNPL) which recognize 52 -58th and 197 -203rd amino acid sequences of glucose oxidase (GOx) by screening via a phage random peptide library. In this study, a side-chain protected peptide monomer (PPM) was synthesized using two peptides (HPPMDFHKAMTR, SHPQPLKSRNPL) and acryloyl chloride. The peptide-conjugated polymer (PCP) was copolymerized with PPMs and N,N-diethylacrylamide (DEAA). The affinity of PCPs to GOx was estimated using surface plasmon resonance detection. This study suggests that PCP is a valuable molecular recognition biomolecule.
Introduction
Phage display random peptide libraries are widely used to obtain ligands binding to a target molecule. 1, 2 We have screened the peptides which bind to a specific site of glucose oxidase (GOx) using a 12mer random peptide library. These peptides (HPPMDFHKAMTR, CHPQPLKSRNPL) recognized 52 -58th (GSYESDR) and 197 -203rd (GVPKKD) amino acid sequences of GOx. 3 The dissociation constant (KD) for GOx was between 10 -4 M and 10 -5 M. However, the binding affinity was insufficient for molecular recognition.
Recently, peptide-conjugated polymer (PCP) modified with a peptide at the polymer side-chain was reported.
A polyacrylamide modified with peptide epitope was also developed as a vaccine. 4 A comb polymer modified with RGD peptide with cell adhesion activity has been studied. 5 PCP is an important molecular recognition biomolecule which can be widely applied to drug delivery and biosensing. The affinity of PCP to the target molecule appears to increase compared with a monomeric peptide, since a number of peptides for molecular recognition are included in a single polymer molecule.
In this study, PCP with a specific affinity for GOx was synthesized. The affinity of PCP and monomeric peptide for GOx was assessed via surface plasmon resonance (SPR) [6] [7] [8] measurement.
Experimental

Synthesis of side-chain protected peptide monomer
Peptides (Ahx-HPPMDFHKAMTRW, Ahx-SHPQPLKSR-NPLW) were synthesized by solid-phase peptide synthesis using the conventional Fmoc technique. 9, 10 Because the sidechain protected peptide was cleaved from resin in weak acid after peptide synthesis, the NovaSyn TGT resin (Novabiochem, Switzerland) was used. Tryptophan was introduced at the Cterminus as a UV marker. 6-Aminohexanoic acid (Ahx) was introduced at the N-terminus as a spacer. The vinyl group was then attached to the N-terminus of peptides using acryloyl chloride. The side-chain protected peptide monomers (PPM 1: acryloyl-Ahx-HPPMDFHKAMTRW, PPM 2: acryloyl-Ahx-SHPQPLKSRNPLW) were cleaved from the resin by acetic acid/2,2,2-trifluoroethanol/dichloromethane ( Fig. 1) . PPM 1 and PPM 2 were purified by reversed-phase HPLC (TOSOH, Tokyo, Japan). PPM 1 and PPM 2 were confirmed using MALDI-TOF MS analysis (Applied Biosystems). PPM 1 with a molecular weight of 2885. 4 .2) forms. Since purification of the product was difficult, PCPs were synthesized using the mixture.
Preparation of peptide-conjugated polymer (PCP)
PCPs were polymerized using N,N-diethylacrylamide (DEAA) and PPM (1 and 2). 2,2′-Azobis(isobutyronitrile) was used as an initiator. Polymerization was allowed to proceed for 24 h under nitrogen atmosphere at 60˚C. Then side-chain protected groups were removed by 2,2,2-trifluoroacetic acid/thioanisol/water/ethyl methyl sulfide/ethane dithiol/thiophenol. PCPs were purified by ultrafiltration (10 kDa cutoff) and then freeze-dried. The number-averaged molecular weight of PCPs was determined by gel permeation chromatography (GPC).
Surface plasmon resonance (SPR) measurement
SPR measurements were carried out with a BIAcore 3000 using CM 5 four-channel sensor chips and HBS-EP [10 mM HEPES (pH 7.4), 150 mM NaCl, 3 mM EDTA, 0.005% Tween One flow cell in four cells was used as a control, and contained no immobilized sample. After PCPs and peptides in solution were injected at 10 µL/min for 2 min, the cells were washed with running buffer. Table 1 gives to number-average molecular weight and monomer content of PCPs. The molecular weight and peptide monomer content of PCP 1-2 and 2-2 were the highest of the three kinds of copolymers. PCP 1-3 and 2-3 with the lowest molecular weight and peptide monomer content were obtained by increasing the molar feed ratio of PPMs. This result was probably due to a difference in the reactivity between DEAA and PPMs. Figure 2 shows the specific affinity of PCP 2-1 to GOx. The affinity of PCP 2-1 to GOx was larger than that to hemoglobin and BSA. The SPR signal of PCP 2-1 to hemoglobin and BSA was the result of non-specific protein adsorption. The other PCPs gave similar SPR results as observed for PCP 2-1. Figure  3 shows a comparison of the affinity of PCPs with peptide (Ahx-SHPQPLKSRNPLW) and monomeric peptides to GOx. The affinity of PCP 2 for GOx increased along with an increase in the molecular weight and peptide monomer content. PolyDEAA did not recognize GOx. PCP 2-2 with high molecular weight showed the highest affinity to GOx compared to PCP 2-1, 2-3 and monomeric peptides. In particular, while the affinity of peptide 2 (SHPQPLKSRNPLW) to GOx was lower than that of peptide 1 (CHPQPLKSRNPLW), the affinity of PCP 2-1 and 2-2 to GOx was much higher than peptide 1. The affinity of PCP 1 to GOx also increased as the molecular weight and peptide monomer content increased. PCP 1-2 with the highest molecular weight and peptide monomer content showed a higher affinity to GOx than PCP 1-1, PCP 1-3, and peptide 3 (HPPMDFHKAMTRW) (data not shown).
Results and Discussion
Characterization of peptide-conjugated polymers
Affinity of PCPs to GOx
These results confirm that the increase in the affinity of PCPs to GOx was caused from two factors. One was that a polyvalent interaction might occur between PCP and GOx. Since all samples were prepared at identical peptide concentrations, the single molecule PCP 1-2 and 2-2 were considered to interact with many more GOx molecules than any other PCPs. Another was that the conformation of PCP might change along with an increase in the molecular weight of PCP.
It was shown that PCP is a valuable molecular recognition biomolecule. PCP, if the molecular design of PCP could be developed, may be applied to a novel material for biosensors.
